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METHOD AND DEVICE FOR COUPLING

OUT A PARTIAL BEAM HAVING A VERY

SMALL BEAM PERCENTAGE FROM AN
OPTICAL BEAM

PRIORITY CLAIM

The present application 1s a National Phase entry of PCT
Application No. PCT/DE2018/100907, filed Nov. 8, 2018,
which claims priority from German Patent Application 10

2017 126 221.0, filed Nov. 9, 2017, the disclosures of which
are hereby incorporated by reference herein 1n their entirety.

FIELD OF THE INVENTION

Method and device for coupling out a partial beam having
a very small beam percentage from an optical beam

BACKGROUND OF THE INVENTION

Typically, semi-transparent mirrors are used to couple out
a beam portion from an optical beam, said mirrors having an
at least approximately constant reflectivity over a specific
spectral range and thus having no more than a small spectral
fluctuation range. If only a small beam portion 1s to be
coupled out by reflection, e.g. less than 1%, then the
semi-transparent coating of the mirror should reflect only
such a small portion. However, the reflectivity of such
coatings varies considerably over the desired wavelength
range, €.g. between 0.1 and 0.4%, which corresponds to a
change in the coupled-out beam portion by a factor of 4 over
the wavelength range. An optical beam may comprise a
wavelength range which extends beyond visible light into
the infrared range and into the UV range up to wavelengths
of around 1350 nm.

DE 100 31 414 Al discloses a device for combiming
optical radiation by exploiting the polarization properties of
light. Said device comprises a plane-parallel, optically trans-
parent plate having a refractive index n and comprising an
optically active first surface on which a first optical beam
(active beam) impinges and an optically active second
surface, parallel to the first surface, on which a second
optical beam (targeting beam) impinges at the point where
the first beam emerges from this second surface. The beam
paths of the first and second optical beams are directed onto
the plate 1 such a way that the first and second beams are
cach incident at an angle to the respective surface perpen-
dicular which 1s at least approximately equal to the Brewster
angle. The first and second optical beams are linearly
polarized, the plane of polarization of the first beam being
parallel to the plane of incidence of the device and that of the
second optical beam being perpendicular to the plane of
incidence.

The device according to the above-mentioned DE 100 31
414 Al 1s a device for combining the two optical beams, but
at least for the first of the two optical beams 1t 1s also a beam
splitting device. The physical effect 1s exploited here that
when an optical beam (p-polarized beam) linearly polarized
parallel to the plane of incidence (interface) impinges on an
interface at the Brewster angle, the optical beam 1s com-
pletely refracted at the interface, assuming that this radiation
comprises only one wavelength. Since the optical beam has
radiation over an extended wavelength spectrum and the
refractive indices of the media adjacent to the interface are
wavelength-dependent, the Brewster angle 1s also wave-
length-dependent. This means that only the spectral com-
ponent of the beam 1s completely refracted at the interface
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for which the angle of incidence 1deally corresponds to the
Brewster angle. Spectral components of adjacent spectral
ranges are retlected slightly, so that, as stated in the above-
mentioned DE 100 31 414 Al, the beam portion entering the
planar plate at the interface i1s very large compared to the
beam portion reflected at the interface. The reflected beam
portion 1s fed to a photo recerver. Although not mentioned
here, for physical reasons there 1s a high fluctuation range of
the reflected beam portion over the wavelength spectrum of
the optical beam.

SUMMARY OF THE INVENTION

The 1nvention relates to a method and a device with a
beam splitter which couples out a very small beam percent-
age over a large spectral range of an incident optical beam,

wherein the spectral dependence of the coupled-out beam
percentage and thus 1ts spectral fluctuation range 1s only
small.

It 1s an object of the 1nvention to provide a method and a
device with which, by utilizing the polarization properties of
light, only a very small beam portion can be coupled out of
an optical beam, advantageously with a small fluctuation
range over the wavelength spectrum of the optical beam.

The objects of the inventive devices and methods are
achieved by the features of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be explained 1n more detail below with
reference to exemplary embodiments and with the help of
drawings, wherein:

FIG. 1 1s a schematic diagram showing a beam splitter of
a device,

FIG. 2 1s a schematic diagram showing a device com-
prising a beam splitter,

FIG. 3a 1s a diagram showing the refractive indices n, (i)
and n,(A) for a first exemplary embodiment of a beam
splitter of a device and the entry of a refractive index n, for
which the angle of incidence o 1s the Brewster angle,

FIG. 3b 15 a diagram showing the reflected beam percent-
age R,, R,, R, at the individual interfaces A, A,, A, of a
beam splitter of a device, with the refractive indices nl(A)
and n,(A) according to FIG. 3a and the resulting summarily
reflected beam percentage R for the beam splitter,

FIG. 4a 1s a diagram showing the refractive indices n, (A)
and n,(A) for a second exemplary embodiment of a beam
splitter ot a device and the entry of a refractive index n , for
which the angle of incidence ¢ 1s the Brewster angle,

FIG. 4b 15 a diagram showing the reflected beam percent-
age R,, R,, R; at the individual interfaces A, A,, A; of a
beam splitter of a device, with the refractive indices n, (A)
and n,(A) according to FIG. 4a and the resulting summarily
reflected beam percentage R for the beam splitter,

FIG. 5a 1s a diagram showing the refractive indices n, (A)
and n,(A) for a third exemplary embodiment of a beam
splitter of a device and the entry of a refractive index n , for
which the angle of incidence ¢ 1s the Brewster angle, and

FIG. 5b 15 a diagram showing the reflected beam percent-
age R,, R,, R, at the individual interfaces A, A,, A, of a
beam splitter of a device, with the refractive indices n, (A)
and n,(A) according to FIG. 5a and the resulting summarily

reflected beam percentage R for the beam splitter.

DETAILED DESCRIPTION

A beam splitter 0 of a device according to the mvention
basically consists, as shown 1n FIG. 1, of two mterconnected
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planar plates 1, 2, of a different material and has three
interfaces A,, A,, A;, at which an incident optical beam S,
depending on an angle of incidence ¢ and depending on the
wavelength A, of the beam S 1s partly refracted and partly
reflected as partial beams S, S5,, S5, which together form
a summarily reflected partial beam S,. The summarily
reflected partial beam S, should have only a small summary
beam percentage R of the optical beam S. Accordingly,
the respective retlected beam percentage R, R, und R, at the
individual interfaces A, A,, A, 1s even smaller and multiple
reflections can be neglected. The optical beam S 1s linearly
polarized parallel to a plane of incidence E located 1n the
drawing plane in this case. The plane of incidence E 1s
defined by the direction of incidence of the optical beam S
and the perpendicular to the iterface 1n question. The angle
ol mncidence a 1s defined as the angle between the direction
of incidence of the optical beam S and the perpendicular to
the 1nterface 1n question.

Viewed 1n only one coupling direction, an entrance sur-
tace of the first planar plate 1 forms the first interface A, an
exit surface of the first planar plate 1 together with an
entrance surface of the second planar plate 2 forms the
second 1ntertace A, and an exit surface ot the second planar
plate 2 forms the third interface A,. The optical beam S 1s
coupled into the beam splitter 0 either via the first interface
A, or the third interface A;.

Since the first imnterface A, and the third interface A, are
adjacent to air, a gas or a vacuum, which are each charac-
terized by a refractive index of at least approximately 1, the
Brewster angle at the first interface A, or at the third
interface A,, which can be calculated from the arctangent
(arctan) of the refractive index ratio of the adjacent mate-
rials, 1s formed from the refractive index n,(A) or n,(A) and
1. In the following, assuming that the refractive index of the
gaseous medium 1s equal to 1, 1t will be assumed, for the
sake of simplicity, that at an interface formed between a
gaseous medium or vacuum and an optical body, the Brew-
ster angle 1s calculated only from the arctangent of the
refractive mndex of the material of the optical body.

It 1s essential to the invention that the material for the two
planar plates 1, 2 1s selected 1n such a way that the material
of the first planar plate 1 has a minimum refractive index
n,, .. within a predetermined wavelength range of the optical
beam S which 1s greater by a positive refractive index
interval a than the maximum refractive index n,, . of the
material of the second planar plate 2 within the predeter-
mined wavelength range. This means that there 1s a gap
between the maximum refractive index n,, ol the material
of the second planar plate 2 and the minimum refractive
index n, . of the material of the first planar plate 1.

If, 1n a beam splitter 0 designed 1n this way, a collimated
optical beam S, linearly polarized parallel to an entrance
plane E, 1s coupled into the beam splitter 0 at an angle of
incidence o. with respect to the perpendicular to the interface
A, or with respect to the perpendicular to the interface A,
which angle can be calculated as the Brewster angle for a
refractive index n, greater than the maximum refractive
index n,,_ of the second planar plate 2, and which 1s
smaller than the Brewster angle for the maximum refractive
index n, ___of the first planar plate 1 plus 5°, then the result
1s a summary beam percentage R of less than 10% of the
optical beam S.

The angle of incidence a 1s advantageously selected such
that i1t corresponds to a Brewster angle for a refractive index
n_ at which the reflectivity R, of the second interface A, in
relation to the sum R, _=R,+R,+R; has a maximum at the
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lower end of the specified wavelength range. For a specified
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wavelength range of, for example, 400 nm to 1100 nm, a
summary beam percentage R_ _<10% with a fluctuation

SLEFHE

range <120% can be achieved. For a larger wavelength

range, €.g. from 300 nm to 1100 nm, fluctuation ranges of
<250% can be achieved.

FIGS. 3a, 4a and 3a each show a respective diagram for

the refractive mdices n, (M), n,(A) of the material of the two
planar plates 1, 2 of a respective exemplary embodiment for
a beam splitter 0 over the wavelength A, and 1n each case a
refractive index n, 1s entered for which a selected angle of
incidence o represents the Brewster angle.

In the exemplary embodiments, 1t was assumed for the
sake of simplicity that the optical beam S 1s coupled 1nto the
beam splitter 0 via the first interface A, .

For the example shown i FIG. 3a, for which the beam
percentage R, R,, R reflected at the individual interfaces
A, A,, A, and the summary beam percentage R are given
in FI1G. 3b, an angle of incidence o. equal to a Brewster angle
for a refractive index greater than n,, . and smaller than
n, . was selected. N-LAK 12 was selected as the material
for the first planar plate and N-BK7HTI for the second
planar plate. Within the specified spectral range between 400
nm and 1100 nm, neither material has a refractive index
between 1.53 and 1.66. This refractive index range 1s
understood as the refractive index interval a or refractive
index gap. The angle of incidence a selected 1n this con-
nection 1s 58.93° and corresponds to the Brewster angle for
a refractive index n, equal to 1.65. The summary beam
percentage R over the specified spectral range 15 0.16% of
the optical beam S, with a fluctuation range of 2.0%.

For the example shown in FIG. 4a, for which the beam
percentage R,, R,, R, reflected at the individual interfaces
A, A,, A, and the summary beam percentage R are given
in FI1G. 4b, an angle of incidence o. equal to a Brewster angle
for a refractive index greater than n,, . and smaller than
n,, . was selected. 1 N-LAF 2 was selected as the material
for the first planar plate and 2 N-BAK 2 for the second
planar plate. The specified spectral range 1s between 400 nm
and 1100 nm. The angle of incidence o selected 1n this
connection 1s 60.26° and corresponds to the Brewster angle
for a refractive index n  equal to 1.75. The summary beam
percentage R over the specified spectral range 15 0.30% of
the optical beam S, with a fluctuation range of 1.9%.

For the example shown in FIG. 5q, for which the beam
percentage R,, R,, R reflected at the individual interfaces
A, A,, A, and the summary beam percentage R are given
in FIG. 55, an angle of incidence o smaller than an angle
equal to a Brewster angle for a refractive index equal to
n,, . plus 5° was selected. 1 SF 6 was selected as the
material for the first planar plate and 2 N-BAK2 for the
second planar plate. The specified spectral range 1s between
400 nm and 1100 nm. The angle of incidence ¢ selected 1n
this connection 1s 62.57° and corresponds to the Brewster
angle for a refractive index n, equal to 1.92. The summary
beam percentage R_ _ over the specified spectral range 1s

SELLFRE

0.79% of the optical beam S, with a fluctuation range of
3.2%.

The designations of the materials indicated always refer to
a type of optical glass as found 1n the Schott Glass Catalog
of February 2016 (http://www.schott.com/d/advanced_op-
tics/1de0c3b6-522¢e-4ecd-b297-d1c10099a0c2/1.5/schott-
optical-glass-pocket-catalog-february-2016-de.pdi).

For all three exemplary embodiments shown, the fluctua-
tion range of the summary beam percentage R, which 1s

the sum of the beam percentages R, R,, R, reflected at the
three interfaces A, A,, A;, 1s smaller than the spectral
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fluctuation range of the beam percentages R,, R,, R;
reflected at each of the three interfaces A, A,, A,.

An embodiment of a device according to the ivention
comprising the beam splitter 0 1s shown as a schematic
diagram in FI1G. 2. In addition to the beam splitter 0, formed
by the first and second planar plates 1, 2, the device includes
a beam emitting unit 3, which emits a collimated optical
beam S, and a polarizer 4 arranged downstream of the
emitting unit 3 1 a beam direction R and polarizing the
optical beam S linearly, parallel to a plane of incidence. The
beam emitting unit 3, the polarizer 4 and the beam splitter
0 are arranged relative to each other in such a way that the
optical beam S impinges on the first interface A, or the third
interface A, at an angle of incidence . The angle of
incidence o can be calculated as the Brewster angle for a
refractive index n, greater than the maximum refractive
index n,, . of the second planar plate 2 and 1s smaller than
the Brewster angle for the maximum refractive index n,
of the first planar plate 1 plus 5° within a specified wave-
length range. The device does not include a polarizer 4 11 the
beam emitting unit 3 emits a collimated and already linearly
polarized optical beam S.

LIST OF REFERENCE NUMERALS

0 beam splitter

1 first planar plate

n,(A) refractive index of the material of the first planar plate

2 second planar plate

n,(A) refractive index of the material ot the second planar
plate

3 beam emitting unit

4 polanizer

R beam direction

S optical beam

S, partial beam of the optical beam S, reflected at the first
interface A,

S, partial beam of the optical beam S, reflected at the
second 1nterface A,

S, partial beam of the optical beam S, retlected at the third
interface A,

S, summary partial beam of the optical beam S

R, beam percentage (of the radiation intensity of the optical
beam S) reflected at the first interface A,

R, beam percentage (of the radiation 1ntensity of the optical
beam S) reflected at the second interface A,

R, beam percentage (of the radiation 1ntensity of the optical
beam S) reflected at the third interface A,

R summary beam percentage (of the radiation intensity of
the optical beam S)

a refractive mdex interval

a. angle of 1ncidence

A wavelength

n_ refractive index for which the angle of incidence o
represents a Brewster angle

A, first interface

A, second interface
A, third interface
E plane of incidence
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The mnvention claimed 1s:

1. A device comprising:

a beam splitter, and

a beam emitting unit arranged upstream of the beam

splitter, which emits a collimated optical beam, and a
polarizer, which polarizes the collimated optical beam
linearly parallel to a plane of incidence, or

a beam emitting unit arranged upstream of the beam

splitter, which emits a collimated optical beam polar-
1zed linearly parallel to a plane of incidence,

the collimated optical beam polarized linearly parallel to

the plane of incidence 1n such a way that the collimated
optical beam impinges on the beam splitter at an angle
of incidence,

wherein the beam splitter comprises first and second

adjoining planar plates of different materials, and for a
predetermined wavelength range of the optical beam, a
material of the first planar plate has a minimum refrac-
tive index which 1s greater by a refractive index interval
than a maximum refractive index of a material of the
second planar plate,

wherein, when the collimated optical beam, polarized

linearly parallel to the plane of incidence, 1s coupled
into the beam splitter at the angle of incidence, a
summarily retlected partial beam with a summary beam
percentage of less than 10% of the optical beam 1s
coupled out with a spectral fluctuation range of less
than 300% over the predetermined wavelength range, 11
the angle of incidence 1s equal to a Brewster angle for
a refractive index greater than the maximum refractive
index of the second planar plate, and the angle of
incidence 1s smaller than the Brewster angle for the
maximum refractive index of the first planar plate plus
5°.

2. The device comprising the beam splitter according to
claim 1, wherein the angle of incidence 1s between 56° and
68°.

3. A method for coupling out a partial beam from an
optical beam with a predetermined wavelength range using
the device according to claim 1, wherein:

the optical beam 1s collimated and i1s directed, polarized

linearly parallel to a plane of incidence, onto the beam
splitter at an angle of incidence, the angle of incidence
corresponding to a Brewster angle for a refractive index
which 1s greater than a maximum refractive index of
the second planar plate), within the predetermined
wavelength range, and smaller than the Brewster angle
for the maximum refractive imndex of the first planar
plate, within the specified wavelength range plus 5°.

4. The method according to claim 3, wherein:

the angle of incidence 1s selected such that it corresponds

to a Brewster angle for a refractive index at which the
reflectivity percentage of the second interface of the
beam splitter in the summary reflectivity has a maxi-
mum at a lower end of the predetermined wavelength
range.
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